Abstract: The mechanical properties and molecular structure of rubber materials for reducing the vibration of elevator cabins were studied with respect to the hardnesses change to confirm the degradation behavior by temperature (85 ℃) and humidity (85% R.H.). To examine the effects of hardness on the mechanical properties after thermal and hydrothermal aging, the international rubber hardness degree (IRHD), tensile strength, and elongation % were compared with the elastic modulus as a function of degradation time. The microstructure showed that the crack growth of the rubber material with high hardness was fast after hydrothermal aging. It originated from a C = C bonding decrease, and the C = O and C-O-C bonding were increased by the penetration of humidity. In the results of solid-state 13 C nuclear magnetic resonance (NMR) spectroscopy to confirm the molecular structure, several peaks were assigned to respective vulcanized structures along with mechanical properties. Therefore, the degradation behavior after thermal/ hydrothermal aging was different according to low/high hardness: The mechanical properties of the rubber material with high hardness rapidly decreased due to the high density of cross-links and chain scission. †
INTRODUCTION
Vibration isolation rubber, which is one of the components in elevator cabins, is an important material to eliminate vibrations and allow the safe operation of elevators by detecting the load or weight in the elevator car. Rubber material, which has excellent durability, is installed under the elevator to detect the overload of elevators using the relationship between the compressing load and displacement, and the high reliability is required because it has non linear characteristics of elastic deformation. Although many studies are being made, it is difficult to identify the stability of elevator vibration isolation rubber due to a lack of accurate data for forecasting its lifetime. Therefore, a close examination of the degradation behavior and mechanism, which causes changes in the hardness and mechanical characteristics as a function of the environmental stress, should be established [1] [2] [3] [4] [5] .
The vulcanate of a rubber elastic material obtains its On the other hand, cis-1, 4-polyisoprene, whose molecular structure is regular, changes to a trans-1,4-polyisoprene structure, and eliminates the material characteristics, such as the tensile strength and elongation [6] [7] [8] . The actual degradation of rubber elastic material is related to a change in the 3-dimensional shape because molecules in the net shape chain receive external energy and the physical and mechanical properties of the elastic rubber material change remarkably with respect to the macromolecule structure.
It is well known that the mechanical properties of the rubber material, such as hardness and tensile strength, can be changed according to the bonding strength and types of hard/soft segment, and the characteristics of the increase in hardness and damping characteristics can be lost due to the degradation of rubber bonding from environmental stress from oxygen, ozone, moisture etc. [7, [9] [10] . The stiffness of the rubber material is generally increased by increasing the cross-link density and chain scission etc. B ' ----1 7 7 . 6 5 1 3 . 4 1 1 3 . 2 5 2 9 5 . 8 3 5 9 . 1 7 through additional vulcanizing reactions by non-vulcanized sulfur with increasing temperature. The present study confirmed the relationship between the compression load and displacement along with elastic deformation of the material for a change in hardness, considering the environmental stress affecting the life of vibration isolation rubber. In addition, this study examined the mechanical characteristics and molecule structural changes according to low/high hardness by assessing the durability with thermal/hydrothermal aging.
EXPERIMENTAL PROCEDURES
The vulcanized rubber used as the vibration isolation rubber was IRHD 50 (specimens A: thermal aging, A': hydrothermal aging) and IRHD 60 (specimens B: thermal aging, B': hydrothermal aging), which were prepared individually and produced by compressed formation using a vulcanized press by a mold according to the ASTM. The rubber material was produced as a dumbbell shape #3 specimen according to the KS M 6518 standard. The hardness measurements were conducted using a hardness tester of the International Rubber Hardness Degree (IRHD, Normal type). The rubber specimen was tested for the tensile strength, elongation, elastic modulus etc. using the Universal Test Machine (UTM). The data for when the structure of molecule became stable to some extent through a repeated load was used. The thermal aging test of the vibration isolation rubber was conducted at 85 ℃, and a hydrothermal aging test was carried out at 85 ℃ and 85% relative humidity for 96 hours. After the tests, the changes in their characteristics were monitored. The temperatures were set because hardening proceeds rapidly and the nature of rubber changes regardless of the vulcanizing time if the degradation temperature is above 90 ℃. Scanning electron microscopy (SEM, Hitachi s-4700, Japan) of the microstructure on the rubber surface and configuration change was analyzed according to temperature and temperature/ humidity degradation. In addition, Fourier transforminfrared (FT-IR, Thermo Nicolet 6700, USA) spectroscopy and cross polarization (CP) / magic angle spinning (MAS) 13 C nuclear magnetic resonance (NMR, solid-state, 600 MHz) spectroscopy were used to examine the rubber molecule structure and bonding status.
RESULTS AND DISCUSSION
Degradation of rubber is generally affected by a range of environment conditions, such as light, heat, ultraviolet rays, microbe, chemicals, moisture, mechanical operation etc., and the damping property decreases with increasing hardness, resulting in the elimination of the shape changes and vibration isolation function. Because the degradation operates in a complex environment, this study examined the compound degradation mechanism of a low/high hardness specimen under temperature and temperature/ humidity conditions. The rubber material also affects the mechanical properties, such as hardness and elastic modulus, and the lifetime according to the operation time and environmental stress. The mechanical properties were observed for 48, 72 and 96 hours under the environment temperature (85 ℃), temperature/humidity (85 ℃·85%) for the low hardness (IRHD 50) and high hardness (IRHD 60) specimens [11] . Figure 1 shows the hardness of the specimen measured as a function of thermal/hydrothermal aging. Generally,
